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(57) ABSTRACT

Provided is a capacitive transducer having broadband fre-
quency characteristics. The capacitive transducer includes
an element which has multiple kinds of cells, each cell
including: a first electrode; a vibrating film including a
second electrode, the second electrode being opposed to the
first electrode with a gap; and a support portion that supports
the vibrating film so as to form the gap. The multiple kinds
of cells have different ratios of an area of one of the first
electrode and the second electrode to an area of the gap
when viewed from a normal direction of the vibrating film.
The first electrodes or the second electrodes in the multiple
kinds of cells are electrically connected together.
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CAPACITIVE TRANSDUCER, CAPACITIVE
TRANSDUCER MANUFACTURING
METHOD, AND OBJECT INFORMATION
ACQUISITION APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a capacitive transducer to
be used as an ultrasonic transducer or the like and a
capacitive transducer manufacturing method.

Description of the Related Art

Ultrasonic transducers, which are designed to transmit
and receive an ultrasonic wave, are used in a diagnosis
apparatus for making a diagnosis of tumor inside a living
body, for example. In recent years, a capacitive transducer
using micromachining technology (capacitive microma-
chined ultrasonic transducer: CMUT) is being developed.
The CMUT is superior to a conventional ultrasonic trans-
ducer using a piezoelectric element in obtaining broadband
characteristics easily and being low in noise with a less
number of vibration modes. The feature of the CMUT is to
transmit or receive an acoustic wave, such as an ultrasonic
wave, a sonic wave, and a photoacoustic wave (hereinafter
sometimes represented by ultrasonic wave) with the use of
a lightweight vibrating film. Attention is being paid on this
promising technology of using the CMUT to make an
accurate ultrasonic diagnosis as compared to a conventional
medical diagnostic modality.

As the above-mentioned technology, a capacitive trans-
ducer that realizes broadband characteristics (characteristics
with a relatively high electromechanical transformer ratio in
a wide frequency domain) has been proposed, which
includes a cell including a vibrating film having a high
spring constant and a cell including a vibrating film having
a low spring constant (see U.S. Pat. No. 5,870,351). Another
capacitive transducer that realizes broadband characteristics
has been proposed, which has a cell group of multiple cells
having a high spring constant and a cell group of multiple
cells having a low spring constant (see US 2007/0059858).

In the capacitive transducers as described above, the
broadband is attained by using multiple cells including
multiple vibrating films having different spring constants.
Thus, the capacitive transducer typically includes multiple
cells including multiple vibrating films having different
areas.

The capacitive transducer is manufactured by using, for
example, surface micromachining technology, mainly sac-
rificial layer etching technology. In the surface microma-
chining technology, however, a thin film portion to be
shaped later into a vibrating film may adhere onto a lower
surface of a gap formed by etching the sacrificial layer in a
drying step following the etching of the sacrificial layer.
Even when the capacitive transducer can be manufactured,
the vibrating film is liable to be warped by stress, and, in
particular, a vibrating film having a large area is liable to be
warped because the spring constant is low. Depending on the
stress distribution of the vibrating film, the vibrating film is
unevenly warped to deteriorate the performance. The chal-
lenge to realize a capacitive transducer having broadband
characteristics with a high electromechanical transformer
ratio is to form a device by manufacturing multiple cells
having different frequency characteristics of the electrome-
chanical transformer ratios uniformly in a single element.

SUMMARY OF THE INVENTION

In view of the above-mentioned problem, according to the
present invention, there is provided a capacitive transducer
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including an element which has multiple kinds of cells, each
cell including: a first electrode; a vibrating film including a
second electrode, the second electrode being opposed to the
first electrode with a gap; and a vibrating film support
portion that supports the vibrating film so as to form the gap.
The multiple kinds of cells have different ratios of an area of
one of the first electrode and the second electrode to an area
of the gap when viewed from a normal direction of the
vibrating film. The first electrodes or the second electrodes
in the multiple kinds of cells are electrically connected
together.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams illustrating a capacitive
transducer according to an embodiment and Example 1 of
the present invention.

FIG. 2 is a diagram illustrating a capacitive transducer
according to another embodiment and Example 2 of the
present invention.

FIGS. 3A, 3B, 3C, 3D, 3E, and 3F are diagrams illus-
trating an exemplary method of manufacturing the capaci-
tive transducer according to the present invention.

FIG. 4 is a diagram illustrating an exemplary apparatus
for acquiring object information by using the capacitive
transducer according to the present invention.

DESCRIPTION OF THE EMBODIMENTS

The feature of a capacitive transducer according to the
present invention is to provide multiple kinds (two kinds or
at least three kinds) of cells having different ratios of the area
of a first electrode or a second electrode to the area of a gap
when viewed from the normal direction of a vibrating film
in order to realize broadband characteristics. This structural
feature enables the multiple kinds of cells to be designed to
have various structures. For example, the vibrating films of
the multiple kinds of cells can be formed to have equal
spring constants in order to facilitate the manufacturing
process. Alternatively, the vibrating films of the multiple
kinds of cells can be formed to have different spring con-
stants so that the above-mentioned ratio of a cell having a
large spring constant of the vibrating film may be larger than
the above-mentioned ratio of a cell having a small spring
constant of the vibrating film. This structural example is
illustrated in FIGS. 1A and 1B, and the multiple kinds of
cells can be formed to have pull-in voltages close to one
another. The pull-in voltage as used herein refers to an
applied voltage between the first electrode and the second
electrode at which the electrostatic attractive force becomes
larger than a restoring force of the vibrating film so that the
vibrating film is brought into contact with a lower surface of
the gap. When applied with a voltage equal to or higher than
the pull-in voltage, the vibrating film is brought into contact
with the lower surface of the gap. Still alternatively, the
vibrating films of the multiple kinds of cells can be formed
to have different areas so that the above-mentioned ratio of
a cell having a small area of the vibrating film may be larger
than the above-mentioned ratio of a cell having a large area
of the vibrating film. Also in this structure, the pull-in
voltages can be set to be close to one another. Still alterna-
tively, the vibrating films of the multiple kinds of cells can
be formed to have different thicknesses so that the above-
mentioned ratio of a cell having a large thickness of the
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vibrating film may be larger than the above-mentioned ratio
of a cell having a small thickness of the vibrating film. This
structural example is illustrated in FIG. 2. Also in this
structure, the multiple kinds of cells can be formed to have
pull-in voltages close to one another. As described above,
according to the structure of the present invention, for
example, even when the vibrating films of the multiple kinds
of cells have the same or close spring constants, areas, or
thicknesses, a broad band of sensitivity can be realized. In
those cases, the vibrating films of all the cells have close
spring constants, areas, or thicknesses and can therefore be
manufactured uniformly with ease. On the other hand, even
when the vibrating films of the multiple kinds of cells have
different spring constants, areas, or thicknesses, by appro-
priately varying the above-mentioned ratios among the
multiple kinds of cells, for example, by causing the multiple
kinds of cells to have pull-in voltages close to one another,
the transmitting sensitivity or the receiving sensitivity can be
improved. This can prevent the transmitting sensitivity or
the receiving sensitivity from being lowered even when a
common voltage applying unit is used. It should be under-
stood that separate voltage applying units may be used for
the multiple kinds of cells depending on the difference in
pull-in voltage. As described above, according to the capaci-
tive transducer of the present invention, the receiving or
transmitting frequency band width can be increased, and, by
appropriately designing the above-mentioned ratios, the
transmitting sensitivity or the receiving sensitivity can be
improved as well.

Referring to the accompanying drawings, an embodiment
of the present invention is described below. FIG. 1A is a top
view of a capacitive transducer 1 according to this embodi-
ment, and FIG. 1B is a cross-sectional view taken along the
line 1B-1B of FIG. 1A. The capacitive transducer 1 accord-
ing to this embodiment includes two cell groups 2 and 3. The
cell group 2 includes multiple cells 4, and the cell group 3
includes multiple cells 5. The cell groups 2 and 3 are
electrically connected to each other, and the two cell groups
form one element 6. FIG. 1A illustrates only one element 6,
but the capacitive transducer 1 may include an array element
including multiple elements 6. In FIG. 1A, the cells 4 and 5
are arranged in a square lattice, but may be arranged in a
staggered manner or any other manner.

The cells 4 and 5 respectively include a common first
electrode 8 formed on a substrate 7, gaps 9 and 10 formed
by etching sacrificial layers, vibrating films 13 and 14, and
support portions 15 and 16 that support the vibrating films
13 and 14. The vibrating films 13 and 14 respectively
include second electrodes 11 and 12 opposed to the first
electrode 8 with the gaps. In FIGS. 1A and 1B, the vibrating
films 13 and 14 are circular when viewed from the normal
direction of the vibrating films, but may be quadrangle,
hexagonal, elliptical, or the like. The substrate 7 may be a
wafer to be used for manufacturing a typical integrated
circuit or a typical optical device, and may be, for example,
silicon (Si), gallium arsenide (GaAs), glass (Si02), SiC, or
silicon-on-insulator (SOI). The first electrode 8 and the
second electrodes 11 and 12 only need to be made of a metal
thin film, as exemplified by Al, Ti, Co, Cu, Mo, and W, AlSi,
AlCu, AlSiCu, TiW, TiN, and TiC as compounds thereof,
and a laminate thereof. The first electrode 8 may be insulated
from the substrate 7, or may be connected to the substrate 7
when the substrate 7 is made of an electrically conductive
material. The substrate 7 may be integrated with the first
electrode 8, and, for example, a silicon (Si) substrate itself
may be used to function as the first electrode 8.

20

25

30

35

40

45

50

55

60

65

4

In the cells 4 and 5 of the capacitive transducer 1, the first
electrodes 8 and the second electrodes 11 and 12 are
electrically connected respectively to each other, and the
first electrode 8 and the second electrodes 11 and 12 are
insulated from each other by insulating films 17 and 18. Any
one of the two insulating films 17 and 18 may be omitted.
In the capacitive transducer 1, the capacitance changes with
time depending on the vibrating films 13 and 14 to be
vibrated. When the vibrating films 13 and 14 are periodically
vibrated, an acoustic wave is generated. When receiving an
acoustic wave, the vibrating films 13 and 14 are vibrated to
generate an AC current.

In FIG. 1B, the vibrating films 13 and 14 are three-layer
structures including the second electrodes 11 and 12, respec-
tively. Examples of the material for the other components
than the second electrodes 11 and 12 include silicon nitride,
diamond, silicon carbide, silicon oxide, and polysilicon.
Although not illustrated, a voltage applying unit for apply-
ing a voltage (DC voltage or AC voltage) between the first
electrode 8 and the second electrodes 11 and 12 is provided.

In this embodiment for achieving the above-mentioned
object of the present invention, the ratio between the area
(the area when viewed from the normal direction of the
vibrating film; the same applies below) of the second
electrode 11 and the area of the gap 9 in the cell of the cell
group 2 is different from the ratio between the area of the
second electrode 12 and the area of the gap 10 in the cell of
the cell group 3. It is desired that the cells inside one element
6 have uniform electromechanical transformer characteris-
tics. This is because the electromechanical transformer ratio
becomes maximum when the vibrating films operate in the
same phase. According to the present invention including
this embodiment, the cell group 2 and the cell group 3 are
formed to have different ratios between the areas of the gaps
9 and 10 and the areas of the second electrodes 11 and above
the gaps, to thereby change the frequency characteristics of
the electromechanical transformer ratios and realize the
broadband. In addition to this, by making an appropriate
design, the electromechanical transformer characteristics of
all the cells can be set to be substantially uniform to improve
the electromechanical transformer ratios as well.

For example, in the case where the gaps 9 and 10 have the
same area and the vibrating films 13 and 14 have the same
structure, if the second electrodes 11 and 12 have different
areas, negative stiffness caused by the electrostatic force
occurs with different degrees when the same voltage is
applied between the electrodes. Therefore, the mechanical
impedances of the vibrating films 13 and 14 differ from each
other when the voltage is applied. As a result, different
frequency characteristics are obtained between the cell
group 2 and the cell group 3, thus attaining broadband
characteristics.

When the vibrating films 13 and 14 have different spring
constants, the effect of obtaining broadband characteristics
is enhanced more. The optimum value of the voltage to be
applied to the cell depends on the spring constant of the
vibrating film and the electrode area. When the cells have
uniform electromechanical transformer characteristics, it is
desired to set the applied voltage to be a value smaller by
10% to 20% than the voltage at which the vibrating film is
brought into contact with the lower surface of the gap
(pull-in voltage). This is because, although the electrome-
chanical transformer characteristics are improved as the
applied voltage becomes higher, the operation becomes
unstable due to characteristics fluctuations of the cells when
the applied voltage is too close to the pull-in voltage.
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The “spring constant” is defined as an average displace-
ment of a region where the first electrode and the second
electrode are opposed to each other, which is caused by the
electrostatic force. When the spring constant is represented
by k; the capacitance, C; the average displacement of the
region of the vibrating film where the electrodes are opposed
to each other (hereinafter also referred to as “electrode
portion”), x; and a potential difference between the first
electrode and the second electrode, V, the spring constant k
is expressed by the relationship of Expression 1 below.

F=(V212)-((8C/ax)/x) (Bx. 1)

As the area of the electrode becomes smaller, a larger
displacement occurs in the vibrating film due to the elec-
trostatic force caused by a bias voltage. As the area of the
electrode becomes smaller, on the other hand, the electro-
static force becomes smaller. As the area of the electrode
becomes larger, a smaller displacement occurs in the vicinity
of the support portion of the vibrating film. Accordingly, the
relationship between the electrode area and the spring con-
stant is a convex downward function having an extreme
value. In any case, the spring constant is changed simply by
changing the electrode area, and, when multiple kinds of
cells having different electrode areas with respect to the gap
areas are provided in one element, the band is increased.
However, the electromechanical transformer ratio becomes
smaller as the electrode area becomes smaller, and it is
therefore desired that the electrode area be 50% or more of
the area of the gap portion.

Some structures are conceivable to set different spring
constants of the vibrating films 13 and 14. The thicknesses
of'the vibrating films 13 and 14 may be different, or the areas
of the vibrating films 13 and 14 with respect to the gaps 9
and 10 may be different. Alternatively, another material may
be added only onto the vibrating film 13 of one of the cells.
Still alternatively, the areas of the support portions 15 and 16
may be changed to be different.

The above description is given of the area ratios of the
second electrodes 11 and 12 with respect to the gap areas.
However, the same effects can be obtained also in the case
where the area ratios of the first electrode 8 with respect to
the gaps 9 and 10 are different.

Referring to FIGS. 3A to 3F, an exemplary method of
manufacturing the capacitive transducer according to the
present invention is described below. A first electrode 32 is
formed on a substrate 31 by conductor film formation,
photolithography, and patterning (FIG. 3A). In this case, the
first electrode 32 and the substrate 31 may be electrically
connected to or insulated from each other. In the case of
insulating the substrate 31 from the first electrode 32, an
insulating film is formed before the first electrode 32 is
formed. The gaps 9 and 10 and the membranes formed
thereon illustrated in FIG. 1B are required to be smooth with
less thickness fluctuations, and hence the substrate 31, the
first electrode 32, and the like are required to be smooth. The
gaps 9 and 10 each have a height of approximately 100 to
300 nanometers, and hence the smoothness is preferred to be
approximately 1 to 2 nanometers.

An insulating film 34 is formed. The insulating film 34 is,
for example, a silicon oxide film formed by plasma-en-
hanced chemical vapor deposition (PECVD) and having a
thickness of 50 to 150 nanometers. The insulating film 34 is
not always required to be formed. Next, a sacrificial layer 33
is formed on the first electrode 32 by film formation,
photolithography, and patterning (FIG. 3B). The sacrificial
layer and the insulating film are also required to have high
smoothness similarly to the above. In consideration of the

20

25

30

35

40

45

50

55

60

65

6

fact that the sacrificial layer determines a cavity shape, the
sacrificial layer 33 needs to be made of a material having
good process selectivity with respect to surrounding mate-
rials and having less patterning fluctuations. The thickness
of the sacrificial layer 33 determines the heights of the gaps
9 and 10 of FIG. 1B. The sacrificial layer 33 is therefore
required to have a small thickness distribution and be
smooth as described above. Examples of the material for the
sacrificial layer include chromium, molybdenum, alumi-
num, a compound thereof, amorphous silicon, and oxide
silicon.

A first membrane 35 is formed on the sacrificial layer 33
(FIG. 3C). Subsequently, a conductor is formed by film
formation and subjected to photolithography and patterning,
to thereby form a second electrode 36 (FIG. 3D).

A hole 37 is formed in the first membrane 35 to expose a
part of the sacrificial layer 33. The sacrificial layer 33 is
etched to form a gap 38 (FIG. 3E). In this case, if the spring
constant of the first membrane 35 is too small, the first
membrane 35 may adhere onto the lower surface of the gap
38. Further, even after the sacrificial layer etching step is
completed, the first membrane 35 may be greatly warped by
a stress applied thereto and the performance may deteriorate.
According to the present invention, the broadband is real-
ized by changing the ratio of the electrode area to the gap
area, and hence, even when the difference between the
spring constants of the vibrating films 13 and 14 of FIG. 1B
is reduced, the risk in the manufacture of the transducer can
be reduced.

After that, the hole 37 is sealed, and simultaneously a
second membrane 39 is formed (FIG. 3F). The first mem-
brane, the second electrode 36, and the second membrane
together constitute a vibrating film. This manufacturing
method may be modified as follows. After the second
electrode 36 is formed, the second membrane is formed, and
a hole is formed in the second membrane and the first
membrane. Then, the sacrificial layer is etched, and the hole
is sealed. By manufacturing the capacitive transducer by the
manufacturing method of the present invention, transmis-
sion/reception characteristics having a wide frequency band
width can be realized. Further, by adjusting the ratio of the
electrode area to the gap area, the pull-in voltages can be set
to be closer to one another among cells having different
frequency characteristics, and hence, even when a common
voltage applying unit is used, the electromechanical trans-
former ratios of all the cells can be improved.

Now, the present invention is described in detail below by
way of more specific examples.

Example 1

A capacitive transducer according to Example 1 of the
present invention is now described. FIGS. 1A and 1B
illustrate Example 1. The cell group 2 includes eight cells 4
and the cell group 3 includes eight cells 5, but the numbers
of the cells are not limited thereto. However, if the number
of cells in one of the cell groups is too large, the effect of
increasing the band is reduced, and hence it is desired that
the occupied areas of the cell groups 2 and 3 be as equal as
possible.

As illustrated in FIG. 1A, when the vibrating films 13 and
14 or the gaps 9 and 10 in different kinds of cells are formed
to be circular, the diameter thereof is 20 to 50 micrometers.
The diameter of the gap 9 is larger than the diameter of the
gap 10 in FIGS. 1A and 1B, but may be equal to each other.
In this case, the area ratio of the second electrode 11 to the
gap 9 is smaller than the area ratio of the second electrode
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12 to the gap 10. Therefore, when the gap 9 and the gap 10
have equal areas, the second electrode 11 is smaller than the
second electrode 12. The second electrodes 11 and 12 in
FIG. 1A are illustrated by circles and connecting lines.
However, the second electrodes 11 and 12 are not always
required to be circular, but may be rectangular, polygonal, or
the like.

The cell 4 in the cell group 2 is formed on a thermally
oxidized monocrystalline silicon substrate 7 having a thick-
ness of 300 micrometers. Although not illustrated, the ther-
mal oxide film has a thickness of 100 nanometers to 2
micrometers. A first electrode 8 is formed on the substrate 7
by film formation and patterning. The cell 4 is constituted by
forming the gap 9, a vibrating film 13 including the second
electrode 11, and a support portion 15 on the first electrode
8. An insulating film 17 is formed between the gap 9 or the
support portion 15 and the first electrode 8, to thereby
insulate the first electrode 8 from the second electrode 11.
This insulating film is a silicon oxide film formed by
PECVD and having a thickness of 100 nanometers. The first
electrode 8 is made of titanium having a thickness of 50
nanometers, and the second electrode 11 is made of alumi-
num having a thickness of 100 nanometers. The vibrating
film 13 is a silicon nitride film except for the second
electrode 11, and is formed by PECVD. The thickness of the
vibrating film 13 below the second electrode 11 is 400
nanometers, and this portion serves also as an insulating film
18 for the first electrode 8. On the other hand, the silicon
nitride film on the top of the second electrode 11 has a
thickness of 1,000 nanometers. This silicon nitride film is
formed with a tensile stress of 200 MPa or less.

In the above-mentioned structure, for example, the diam-
eter of the gap 9 is 36 micrometers and the diameter of the
second electrode 11 is 30 micrometers. The pull-in voltage
is 150 V. The spring constant of the vibrating film 13 is 37
kN/m. As described above, the “spring constant” is calcu-
lated based on an average displacement of the electrode
portion of the vibrating film caused by the electrostatic
force. In Example 1, the area of the eclectrode portion
corresponds to the area of the second electrode formed
above the gap portion.

In the other cell 5, when the diameter of the gap 10 is 36
micrometers and the diameter of the second electrode 12 is
35 micrometers, the band is increased as compared to the
case where the cells 4 and 5 have equal electrode areas. In
this case, the vibrating film 14 has a spring constant of 64
kN/m, which is larger than the spring constant (37 kN/m) of
the vibrating film 13 of the cell 4. In the case where the
vibrating films of the cells 4 and 5 have different sizes, the
effect of increasing the band can be enhanced by changing
the ratio between the electrode area and the gap area. For
example, in the cell 5, when the diameter of the gap 10 is 34
micrometers and the diameter of the second electrode 12 is
33 micrometers, the pull-in voltage is 174 V and the spring
constant of the vibrating film 14 is 70 kN/m, thus increasing
the frequency band width.

According to Example 1, among the cell groups, the
vibrating films have different spring constants and the ratios
of'the electrode area to the gap area are varied, and hence the
capacitive transducer having broadband characteristics can
be realized.

Example 2
A capacitive transducer according to Example 2 of the

present invention is now described. Example 2 is a modi-
fication of Example 1. FIG. 2 illustrates Example 2, illus-
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trating the same cross-section as in FIG. 1B. The cell 4 in the
cell group 2 has the same structure as in Example 1.

In a cell 105, a gap 110 has a diameter equal to that of the
gap 9, and a second electrode 112 has a diameter equal to
that of the second electrode 12 in Example 1. The structure
of a vibrating film 114 is the same as that of the cell 4 in that
the thickness below the second electrode 112 is 400 nano-
meters, but different in that the thickness of a silicon nitride
film on the top of the second electrode is 1,100 nanometers.
In this case, the vibrating film 114 has a spring constant of
77 kN/m, which is larger than the spring constant (37 kN/m)
of'the vibrating film 13. In this manner, the band is increased
similarly to Example 1.

The thickness of the silicon nitride film above the second
electrode 112 of the cell 105 is varied by the following
method, for example. A metal film is formed on the cell
group 2, and a silicon nitride film is formed thereon by
PECVD. After that, only the region on the cell group 3 is
protected by a photoresist, and the silicon nitride film is
etched. In this case, when the metal film is made of an
etching-resistant material, the cell group 2 is protected. After
that, the photoresist is removed, and the metal film is
removed, thereby manufacturing the structure of FIG. 2.

According to Example 2, among the cell groups, the
vibrating films have different thicknesses and the ratios of
the electrode area to the gap area are varied, and hence the
capacitive transducer having broadband characteristics can
be realized.

Example 3

A probe including the capacitive transducer described in
the above-mentioned embodiment or examples is applicable
to an object information acquisition apparatus using acoustic
waves. An acoustic wave from an object is received by the
capacitive transducer, and an output electric signal is used to
acquire object information that reflects an optical property
value of the object, such as a light absorption coefficient.

FIG. 4 illustrates an object information acquisition appa-
ratus of Example 3 using a photoacoustic effect. Pulsed light
152 emitted from a light source 151 for generating light in
the form of a pulse irradiates an object 153 via an optical
member 154 such as a lens, a mirror, or an optical fiber. A
light absorber 155 inside the object 153 absorbs energy of
the pulsed light to generate a photoacoustic wave 156 as an
acoustic wave. A probe 157, which is equipped with a casing
that accommodates the capacitive transducer having broad-
band characteristics of the present invention, receives the
photoacoustic wave 156 to convert the photoacoustic wave
156 into an electric signal, and outputs the electric signal to
a signal processor 159. The signal processor 159 subjects the
input electric signal to signal processing such as A/D con-
version and amplification, and outputs the resultant signal to
a data processor 150. The data processor 150 uses the input
signal to acquire object information (object information that
reflects an optical property value of the object, such as a light
absorption coefficient) as image data. A display unit 158
displays an image based on the image data input from the
data processor 150. The probe may be configured to scan
mechanically or may be configured to be moved by a user,
such as a doctor or an engineer, relative to the object
(handheld type). It should be understood that the capacitive
transducer as an electromechanical transducer of the present
invention can be used also in an object diagnosis apparatus
for detecting an acoustic wave from an object irradiated with
the acoustic wave. Also in this case, the acoustic wave from
the object is detected by the capacitive transducer, and a
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converted signal is processed by the signal processor, to
thereby acquire information inside the object. In this case,
the capacitive transducer of the present invention can be
used to transmit an acoustic wave toward the object.

The capacitive transducer according to the present inven-
tion is applicable to an optical imaging device for acquiring
information in a measurement target such as a living body,
a conventional ultrasonic diagnosis apparatus, or the like.
The capacitive transducer according to the present invention
is applicable also to other applications including a super-
sonic flaw detector.

The capacitive transducer according to the present inven-
tion includes multiple kinds of cells that have different ratios
between the electrode area and the gap area and are elec-
trically connected in parallel. As a result, the capacitive
transducer that includes multiple kinds of cells having
different frequency characteristics of the electromechanical
transformer ratios and therefore has a wide receiving fre-
quency band width or transmitting frequency band width can
be realized by flexible design in accordance with the require-
ments as they arise.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2012-151939, filed Jul. 6, 2012, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A capacitive transducer, comprising an element which
has multiple types of cells, including cells of a first cell type
and cells of a second cell type, each cell comprising:

a first electrode; and

avibrating film comprising a second electrode, the second

electrode being opposed to the first electrode with a gap
therebetween, and

the capacitive transducer having a common voltage apply-

ing unit for applying a voltage between the first elec-
trode and the second electrode of cells of the first cell
type and cells of the second cell type;

wherein each type of cell has a different ratio of an area

of the first electrode or the second electrode to an area
of the gap when viewed from a normal direction of the
vibrating film,
wherein the first electrodes or the second electrodes in
each type of cell are electrically connected together,

wherein vibrating films of cells of the first cell type each
have a larger spring constant than vibrating films of
cells of the second cell type, and

wherein the ratio of the area of the first electrode or the

second electrode to the area of the gap in cells of the
first cell type is larger than the ratio of the area of the
first electrode or the second electrode to the area of the
gap in cells of the second cell type;

wherein the common voltage applying unit applies a

common voltage to cells of the first cell type and cells
of the second cell type, and the common voltage is
smaller by 10% to 20% than a pull-in voltage of cells
of the second cell type.

2. An object information acquisition apparatus, compris-
ing:

the capacitive transducer according to claim 1, configured

to receive an acoustic wave and convert the acoustic
wave into a signal; and
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a signal processor configured to process the signal output
from the capacitive transducer to thereby acquire infor-
mation on an object.

3. An object information acquisition apparatus according

to claim 2, further comprising:

a light source configured to emit light;

wherein the capacitive transducer is configured to receive
the acoustic wave, which is generated by an object that
is irradiated by the light from the light source, and the
signal processor is configured to process the signal, to
thereby acquire information on the object.

4. A method of manufacturing the capacitive transducer

according to claim 1, the method comprising for each cell:
forming the first electrode;

forming a sacrificial layer on the first electrode in order to
form the gap;

forming, on the sacrificial layer, at least a part of the
vibrating film comprising the second electrode; and

removing the sacrificial layer to form the gap,

wherein the forming of the sacrificial layer and the
forming of at least part of the vibrating film comprise
setting different ratios of an area of the second electrode
to an area of the sacrificial layer for each type of cell.

5. A capacitive transducer, according to claim 1, wherein
for each cell the area of the first electrode and the second
electrode is 50% or more of the area of the gap.

6. A capacitive transducer, according to claim 1, wherein
the vibrating film of each cell further comprises an insulat-
ing membrane.

7. A capacitive transducer, according to claim 1, wherein
cells of the first cell type have different frequency charac-
teristics from cells of the second cell type.

8. A capacitive transducer, comprising an element which
has multiple types of cells, including cells of a first cell type
and cells of a second cell type, each cell comprising:

a first electrode; and

a vibrating film comprising a second electrode, the second
electrode being opposed to the first electrode with a gap
therebetween, and

the capacitive transducer having a common voltage apply-
ing unit for applying a voltage between the first elec-
trode and the second electrode of cells of the first cell
type and cells of the second cell type;

wherein each type of cell has a different ratio of an area
of the first electrode or the second electrode to an area
of the gap when viewed from a normal direction of the
vibrating film,

wherein the first electrodes or the second electrodes in
each type of cell are electrically connected together,

wherein vibrating films of cells of the first cell type each
have a smaller area than vibrating films of cells of the
second cell type, and

wherein the ratio of the area of the first electrode or the
second electrode to the area of the gap in cells of the
first cell type is larger than the ratio of the area of the
first electrode or the second electrode to the area of the
gap in cells of the second cell type,

wherein the common voltage applying unit applies a
common voltage to cells of the first cell type and cells
of the second cell type, and the common voltage is
smaller by 10% to 20% than a pull-in voltage of cells
of the second cell type.

9. A capacitive transducer, comprising an element which

has multiple types of cells, including cells of a first cell type
and cells of a second cell type, each cell comprising:
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a first electrode; and

avibrating film comprising a second electrode, the second
electrode being opposed to the first electrode with a gap
therebetween, and

the capacitive transducer having a common voltage apply-
ing unit for applying a voltage between the first elec-
trode and the second electrode of cells of the first cell
type and cells of the second cell type;

wherein each type of cell has a different ratio of an area
of the first electrode or the second electrode to an area
of the gap when viewed from a normal direction of the
vibrating film,

wherein the first electrodes or the second electrodes in
each type of cell are electrically connected together,

wherein vibrating films of cells of the first cell type each
have a larger thickness than vibrating films of cells of
the second cell type, and

wherein the ratio of the area of the first electrode or the
second electrode to the area of the gap in cells of the
first cell type is larger than the ratio of the area of the
first electrode or the second electrode to the area of the
gap in cells of the second cell type,

wherein the common voltage applying unit applies a
common voltage to cells of the first cell type and cells
of the second cell type, and the common voltage is
smaller by 10% to 20% than a pull-in voltage of cells
of the second cell type.

10. A capacitive transducer, comprising an element which
has multiple types of cells, including cells of a first cell type
and cells of a second cell type, each cell comprising:

a first electrode; and

avibrating film comprising a second electrode, the second
electrode being opposed to the first electrode with a gap
therebetween; and

a common voltage applying unit for applying a voltage
between the first electrode and the second electrode of
cells of the first cell type and cells of the second cell
t}/peS

wherein each type of cell has a different ratio of an area
of the first electrode or the second electrode to an area
of the gap when viewed from a normal direction of the
vibrating film,

wherein vibrating films of cells of the first cell type each
have a larger spring constant than vibrating films of
cells of the second cell type,

wherein the ratio of the area of the first electrode or the
second electrode to the area of the gap in cells of the
first cell type is larger than the ratio of the area of the
first electrode or the second electrode to the area of the
gap in cells of the second cell type, and

wherein the common voltage applying unit applies a
common voltage to cells of the first cell type and cells
of the second cell type, and the common voltage is
smaller than a pull-in voltage V, that is smaller pull-in
voltage of cells of the first cell type or the second cell
type, and the common voltage is equal to or more than
80% of the pull-in voltage V.

11. The capacitive transducer, according to claim 10,
wherein the first electrodes or the second electrodes in each
type of cell are electrically connected together.

12. The capacitive transducer, according to claim 10,
wherein each type of cell has a different ratio of the area of
the second electrode to the area of the gap.
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13. An object information acquisition apparatus, compris-
ing:

the capacitive transducer according to claim 10, the

capacitive transducer being further configured to
receive an acoustic wave and convert the acoustic wave
into a signal; and

a signal processor configured to process the signal output

from the capacitive transducer to thereby acquire infor-
mation on an object.

14. A capacitive transducer, comprising an element which
has multiple types of cells, including cells of a first cell type
and cells of a second cell type, each cell comprising:

a first electrode; and

a vibrating film comprising a second electrode, the second

electrode being opposed to the first electrode with a gap
therebetween; and
a common voltage applying unit for applying a voltage
between the first electrode and the second electrode of
cells of the first cell type and cells of the second cell
Wpes

wherein each type of cell has a different ratio of an area
of the first electrode or the second electrode to an area
of the gap when viewed from a normal direction of the
vibrating film,

wherein vibrating films of cells of the first cell type each

have a smaller area than vibrating films of cells of the
second cell type,

wherein the ratio of the area of the first electrode or the

second electrode to the area of the gap in cells of the
first cell type is larger than the ratio of the area of the
first electrode or the second electrode to the area of the
gap in cells of the second cell type, and

wherein the common voltage applying unit applies a

common voltage to cells of the first cell type and cells
of the second cell type, and the common voltage is
smaller than a pull-in voltage V, that is smaller pull-in
voltage of cells of the first cell type or the second cell
type, and the common voltage is equal to or more than
80% of the pull-in voltage V.

15. The capacitive transducer, according to claim 14,
wherein the first electrodes or the second electrodes in each
type of cell are electrically connected together.

16. The capacitive transducer, according to claim 14,
wherein each type of cell has a different ratio of the area of
the second electrode to the area of the gap.

17. An object information acquisition apparatus, compris-
ing:

the capacitive transducer according to claim 14, the

capacitive transducer being further configured to
receive an acoustic wave and convert the acoustic wave
into a signal; and

a signal processor configured to process the signal output

from the capacitive transducer to thereby acquire infor-
mation on an object.

18. A capacitive transducer, comprising an element which
has multiple types of cells, including cells of a first cell type
and cells of a second cell type, each cell comprising:

a first electrode; and

a vibrating film comprising a second electrode, the second

electrode being opposed to the first electrode with a gap
therebetween; and

a common voltage applying unit for applying a voltage

between the first electrode and the second electrode of
cells of the first cell type and cells of the second cell
t}/peS

wherein each type of cell has a different ratio of an area

of the first electrode or the second electrode to an area
of the gap when viewed from a normal direction of the
vibrating film,
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wherein vibrating films of cells of the first cell type each
have a larger thickness than vibrating films of cells of
the second cell type,

wherein the ratio of the area of the first electrode or the

second electrode to the area of the gap in cells of the
first cell type is larger than the ratio of the area of the
first electrode or the second electrode to the area of the
gap in cells of the second cell type, and

wherein the common voltage applying unit applies a

common voltage to cells of the first cell type and cells
of the second cell type, and the common voltage is
smaller than a pull-in voltage V, that is smaller pull-in
voltage of cells of the first cell type or the second cell
type, and the common voltage is equal to or more than
80% of the pull-in voltage V.

19. The capacitive transducer, according to claim 18,
wherein the first electrodes or the second electrodes in each
type of cell are electrically connected together.

20. The capacitive transducer, according to claim 18,
wherein each type of cell has a different ratio of the area of
the second electrode to the area of the gap.

21. An object information acquisition apparatus, compris-
ing:

the capacitive transducer according to claim 18, the

capacitive transducer being further configured to
receive an acoustic wave and convert the acoustic wave
into a signal; and

a signal processor configured to process the signal output

from the capacitive transducer to thereby acquire infor-
mation on an object.
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